Background: After abdominoplasty, patients experience decreased ventilatory function and increased intra-abdominal pressure (IAP). Breathing exercises are used during the pre-and postoperative periods of several abdominal surgeries to prevent or minimize postoperative complications. Objectives: The aim of this study was to assess the effect of preoperative respiratory physiotherapy on the outcome of abdominoplasty patients. Methods: Thirty-three patients were divided into 2 groups. The control group (n = 18) received no preoperative intervention. The intervention group (n = 15) performed breathing exercises during the preoperative period, including incentive spirometry, diaphragmatic breathing, shortened expiration, and sustained maximal inspiration. Respiratory physiotherapy started one week before surgery. Breathing exercises were performed daily. They were performed 3 times weekly in the presence of a physiotherapist and patients were instructed to carry on the exercises at home on days without physiotherapy sessions for three sets of 20 repetitions each. Patients were assessed by spirometry and IAP measurements. Results: No significant difference in spirometry was found between groups. However, patients in the intervention group had lower IAP at the start of surgery and at all time points (P = 0.010) compared with controls. Conclusions: Preoperative respiratory physiotherapy had no impact on spirometry, but may have contributed to reduce IAP intraoperatively.
parameters, which returned to preoperative levels at about 15 to 30 days postoperatively. 2, [11] [12] [13] [14] Respiratory complications occur in about 6% of patients undergoing abdominoplasty, 15 and are associated with the presence of chronic obstructive pulmonary disease, dyspnea at rest, dependent functional status, malnutrition, recurrent incarcerated hernia, concomitant intra-abdominal procedures, American Society of Anesthesiologists (ASA) physical status classification greater than III, and prolonged operative time. 15 Therefore, the search for new procedures to prevent postoperative pulmonary complications is necessary, especially for patients with risk factors.
Pre-and postoperative respiratory physiotherapy has been reported to prevent pulmonary complications in abdominal surgery. Grams et al 16 conducted a systematic review and meta-analysis on breathing exercises in patients who underwent surgeries in the supraumbilical region and found that, despite the low number of studies involved and their poor methodological quality, breathing exercises improved respiratory muscle strength. Celli et al 17 concluded that incentive spirometry was the treatment of choice for patients undergoing abdominal surgery because it led to a shorter length of hospital stay compared to the nonintervention group. 17 Fagevik Olsén et al 18 observed that prophylactic respiratory physiotherapy reduces the incidence of postoperative pulmonary complications and improves mobilization and oxygen saturation after abdominal surgery.
Changes in spirometric parameters and increase in intra-abdominal pressure (IAP) occur in normal patients undergoing abdominoplasty. [19] [20] [21] Any improvement in ventilation observed after breathing exercises indicates a possible treatment effect. This would be especially important in patients with a risk factor for developing pulmonary complications after surgery, such as smokers and patients with chronic obstructive pulmonary disease, among others. No studies were found in the literature to date, showing the efficacy of preoperative breathing exercises in patients undergoing abdominoplasty.
Also, there is an increase in IAP after abdominoplasty. 14 This increase in IAP leads to a decrease on the speed of blood flow at the common femoral vein by about 30% after abdominoplasty with the use of compressive garments. 22 The decrease in blood flow of the femoral vein increases the risk of thromboembolic events.
Therefore, the aim of this study was to evaluate the effect of preoperative respiratory physiotherapy on the outcome of abdominoplasty patients focusing on the ventilatory function as well as on the IAP.
METHODS
This prospective, interventional, single-center controlled clinical trial was approved by the Research Ethics Committee of the Federal University of São Paulo (UNIFESP), Brazil, (approval no. 0773/10) and performed in accordance with the Resolution 196/96 of the Brazilian National Health Council (Conselho Nacional de Saúde, CNS) and Brazilian Ethical Review System on research involving human beings and also in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all patients prior to their inclusion in the study and anonymity was ensured. The study was conducted from February 2012 to December 2015.
A nonrandom sample of 33 patients who expressed a desire to undergo abdominoplasty and met study criteria were selected to participated in the study.
Inclusion criteria were female gender, 18 to 50 years of age, body mass index (BMI) between 20 and 30 kg/m 2 , deformities of the skin and subcutaneous tissues in the abdominal region (Nahas' type III deformity, for which resection of skin and subcutaneous tissue between the umbilicus and pubis is indicated), 23, 24 and musculoaponeurotic defect with laxity of the entire abdominal wall and flank region (Nahas' type B deformity, for which plication of both the anterior rectus sheath and external oblique aponeurosis is indicated). 25 Patients with obstructive and restrictive respiratory diseases, abnormal chest X-ray, smoking habit, systemic diseases, history of previous abdominal surgery, supraumbilical scars, and marked weight loss after bariatric surgery were not included in the study. Failing to attend the preoperative respiratory physiotherapy sessions or to perform the breathing exercises at home as instructed was also considered as an exclusion criterion.
The 33 selected patients who met study criteria were allocated to 2 groups. The first 18 patients were allocated to the control group and received no intervention; and the next 15 patients were allocated to the intervention group and received preoperative respiratory physiotherapy.
Respiratory Physiotherapy Intervention
Respiratory physiotherapy, consisting of daily breathing exercises, started one week before surgery. The exercises were performed 3 times weekly in the presence of a physiotherapist and patients were instructed to carry on the exercises at home on the other 4 days of the week without physiotherapy sessions. The first physiotherapy session was administered 7 days preoperatively, the second session was carried out 4 days preoperatively, and the last session was conducted one day before surgery. Patients received written instructions for each exercise and a worksheet to complete after the daily exercises. Patients were asked to perform 3 sets of twenty repetitions of each exercise.
Each preoperative respiratory physiotherapy session included:
• Incentive spirometry, which is a breathing exercise designed to help the patient to take long, deep breaths using an incentive spirometer (Respiron, NCS Industry and Commerce, Barueri, Brazil). The patient inhales through the device mouthpiece raising 3 balls, which encourages them to inhale as long as possible.
• Diaphragmatic breathing is done by contracting the diaphragm so that the abdomen expands on inspiration and contracts slightly on expiration.
• Shortened expiration, consisting of inspiration to total lung capacity (the maximum amount of air), expiration of a small amount of air, followed by inspiration to total lung capacity and expiration of a small amount of air, and for the last time, inspiration to total lung capacity and normal expiration to residual volume, the maximum amount of air. • Sustained maximal inspiration, which is performed by inspiring to total lung capacity, holding for 3 seconds, and normally expiring to residual volume, the maximum amount of air.
Surgical Procedure
All patients underwent abdominoplasty performed by the same plastic surgeon (F.X.N.), using a standardized technique. The surgical procedure was conducted under general anesthesia. Pancuronium bromide was used as a muscle relaxant at a dosage of 0.3 mL/kg body weight to induce neuromuscular blockade and at 0.15 mL/kg/h for maintenance. A suprapubic incision was made and extended laterally to the anterior superior iliac spines. The dermal-fat flap was superiorly dissected from the subjacent muscles (rectus abdominis and external oblique muscles) and the umbilicus was isolated. 26 Diastasis recti was corrected and an L-shaped plication of the external oblique aponeurosis was performed. Excess skin and subcutaneous tissue of the abdominal flap were excised, the umbilicus was transposed, and the skin was closed in layers.
Evaluation of Intervention Outcomes
Spirometry and measurements of IAP were used to evaluate the intervention outcomes.
Spirometry
Spirometry was performed one week before surgery and at 2, 7, and 15 days postoperatively, using a portable handheld spirometer (Koko model, nSpire Health Inc., Longmont, CO). The postoperative day 15 was considered the endpoint of the study. The test was conducted in a quiet environment, under the guidance of a physiotherapist (M.A.R.). The patients were instructed to rest for a period prior to spirometry. They remained seated during the test, using a nose clip to prevent air leakage. The test was explained in detail so that the patients could make the forced expiratory maneuvers followed by deep inspiration and normal breathing.
Spirometric measurements included: 27, 28 • FVC-Forced vital capacity, which is the volume of air (in liters) that is exhaled during a forced expiration, starting from total lung capacity and ending at complete expiration.
• FEV 1 -Forced expiratory volume in one second, which is the volume of air that is exhaled in one second during forced expiration.
• FEF 25-75% -Forced expiratory flow between 25% and 75% of forced vital capacity, which is measured from the FVC curve.
• EVC-Slow or expiratory vital capacity, which is the volume of air exhaled after a maximum inspiration.
• IVC-Inspiratory vital capacity, which is the volume of air inhaled after normal expiration (tidal volume).
• FEV 1 /FVC-is the ratio of FEV 1 to FVC.
Intra-Abdominal Pressure (IAP)
The IAP was measured intraoperatively at five time points: 1) before and 2) after plication of the anterior rectus sheath; 3) after the L-shaped plication of the external oblique aponeurosis; 4) at the end of surgery; and 5) after placement of the compression garment. The method for the measurement of IAP was described by Kron. 29 All IAP measurements were performed intraoperatively with the operating table still in the horizontal position; the table was flexed only after the last measurement. It consists in connecting a system of a saline solution column and a scale in centimeters to a three-way tube to inject 50 mL of the solution in the empty bladder in order to determine the intra-abdominal pressure in cm H 2 O. 29 
Statistical Analysis
Data were entered into an Excel spreadsheet (Microsoft Corporation, Redwood, WA) and the Statistical Package for the Social Sciences 19.0 for Windows (SPSS Inc., Chicago, IL) was used for data analysis.
The Mann-Whitney test was performed to compare patient characteristics (age, BMI, and interrecti distance) between groups. Repeated measures analysis of variance (ANOVA) was carried out for between-group comparisons of spirometric measurements (FVC, FEV 1 , FEV 1 /FVC, FEF 25-75% , IVC, and EVC) and IAP measurements, followed by Bonferroni's test, when necessary.
All statistical tests were performed at a significance level α of 0.05 (P < 0.05). Data are expressed as mean ± standard deviation (SD).
RESULTS
No patient dropped out of the postoperative follow up.
No significant differences in the main patient characteristics were found between the intervention and control groups. The mean patient age was 32 ± 4.9 years (range, 24-42 years) in the control group and 34 ± 8.8 years (range, 21-50 years) in the intervention group; and the mean BMI was 24.5 ± 0.7 kg/m 2 (range, 18.9-25.59 kg/m 2 ) in the control group and 26.0 ± 6.7 7 kg/m 2 (range, 20.63-28.3 kg/m 2 ) in the intervention group (Table 1) .
There were also no significant between-group differences in spirometric measurements (EVC, FEV 1 , FVC, FEV 1 /FVC, FEF 25-75% , and IVC) at the 4 time points. Both groups showed similar variations in spirometric measurements over time (Figures 1-6 and Table 2 ). The comparisons of EVC, FEV 1 , FVC, FEV 1 /FVC, FEF 25-75% , and IVC between groups at all time points are shown in Figures 1-6 .
IAP was significantly lower (P = 0.010) in the intervention group than in the control group at all time points (Figure 7) .
None of the patients in this series experienced any complication.
DISCUSSION
Abdominoplasty is the fourth most commonly performed plastic surgery procedure in Brazil, the fifth in the United States, and the sixth worldwide. Brazil is the country where this procedure is the most performed, accounting for 15.4% of the total plastic surgery procedures. 1, 2, 30 Several studies have shown that ventilatory function decreases [11] [12] [13] [14] and intra-abdominal pressure increases after abdominoplasty, 11, 14, [19] [20] [21] and that these changes may lead to postoperative pulmonary complications. 21 In addition to the most common postoperative complications associated with abdominoplasty, such as seroma, 30, 31 hematoma, surgical wound dehiscence, unsightly scars, 31, 32 and reduced sensitivity of the infraumbilical region, 33 some pulmonary complications may occur due to increased intra-abdominal pressure. These are secondary complications to the diaphragmatic movement restriction, including pulmonary atelectasis, pneumonia, respiratory failure, and the need for prolonged mechanical ventilation. This is the first study to postoperatively address the effects of preoperative breathing exercises in abdominoplasty patients. Preoperative exercises were used in an attempt to increase pulmonary expansion, muscular strength, and prevent an increase in IAP. It was difficult to establish an exercise routine, including frequency, number of repetitions, duration and type of exercise, since no gold standard is available in the literature. Respiratory therapy techniques are commonly used in the postoperative period to increase lung reexpansion, decreasing the risk of pulmonary complications resulting from surgery. [34] [35] [36] [37] [38] [39] [40] No studies were found to date evaluating the prevention of possible pulmonary complications using preoperative breathing exercises in abdominoplasty patients.
The study population had a mean interrecti distance of 2 cm. Although this is a common characteristic of patients who seek abdominoplasty and correction of diastasis recti secondary to pregnancy in our institution, it might not be the case in other countries. It is important to note that, even with a small diastasis, a reduction in all spirometry parameters was observed in the control group after surgery. Thus, abdominoplasty combined with plication of the rectus abdominis muscles for interrecti distances of approximately 2 cm leads to ventilatory restriction. This makes this group of patients an ideal model to assess improvement in ventilatory function with the use of an exercise program.
After abdominoplasty, the diaphragm requires a force greater than normal during inspiration due to a reduction in abdominal wall compliance and marked increase in diaphragmatic contraction during abdominal motion. This may lead to a decrease in vital capacity due to an increase in residual volume. Correction of diastasis recti and reduction of abdominal fat during abdominoplasty may help improve pulmonary function in the late postoperative period but not in the early postoperative period. 12 All patients selected for this study were women and had the same type of abdominal deformity, contributing to the homogeneity of the sample. Women are the most common candidates for abdominoplasty in the nonmassive weight loss patient. Their BMI ranged from 20 to 30 kg/m 2 to avoid any pulmonary dysfunction associated with changes in respiratory mechanics due to obesity. 7, 8 Smokers and patients with obstructive and restrictive respiratory diseases, abnormal chest X-ray, systemic diseases, history of previous abdominal surgery, supraumbilical scars, and marked weight loss after bariatric surgery were not included in the study because these factors may be associated with changes in the ventilatory function, which may impact spirometry.
In this study, the exercise program used only basic, evidence-based techniques similar to those described in previous studies on abdominal and thoracic surgeries to prevent postoperative pulmonary complications and contained breathing exercises commonly used in respiratory physiotherapy. 17 The exercises were simple and easily understood and performed by the patients. Patient adherence to a respiratory physiotherapy program requires guidance and follow up. The patient may not comply with the exercise regimen or may not perform the exercises correctly. Thus, the patient should to be monitored by a specialist when performing the exercises. Incentive spirometry and exercises such as deep breathing are intended to increase alveolar ventilation, reducing the respiratory dysfunction in the postoperative period. 41 It was found that the breathing exercises had no significant impact on spirometry. Perhaps the duration of the exercise program (one week before surgery) may have been insufficient to produce significant improvement. Soares et al 42 evaluated the effect of respiratory and global exercises performed 2 to 3 weeks before surgery and found no significant differences in IVC and EVC between intervention and control groups in the postoperative period. However, these authors reported significant betweengroup differences in maximal inspiratory pressure, indicating a higher inspiratory strength and respiratory muscle endurance in the intervention group than in the control group. 42 Thus, further studies are necessary to investigate Figure 7 . Intra-abdominal pressure (IAP) in the intervention and control groups measured intraoperatively at the 5 time points (P1 to P5), with significant between-group difference over time (P = 0.010, repeated measures ANOVA). P1 = before plication of the anterior rectus sheath; P2 = after plication of the anterior rectus sheath; P3 = after the L-shaped plication of the external oblique aponeurosis; P4 = after skin closure; and P5 = after placement of the compression garment. 25-75% in the postoperative period, but without statistical significance. Cattaneo et al 44 found that the preoperative use of incentive spirometry does not prevent postoperative decrease in pulmonary function in bariatric patients. Fagevik Olsén et al 18 reported that respiratory physiotherapy before major abdominal surgery decreased the incidence of postoperative pulmonary complications and improved oxygen saturation. A systematic review evaluating the effects of exercise therapy performed before and after upper abdominal surgery concluded that breathing exercises may improve respiratory muscle strength, preventing postoperative pulmonary complication, but also that good quality studies are still necessary. 16 There is still no consensus about the efficacy of postoperative breathing exercises in abdominal surgery patients. No evidence has been found to date that the exclusive use of incentive spirometry after upper abdominal surgery prevents pulmonary complications, and there are few scientifically rigorous studies on this topic. 45, 46 Thomas and McIntosh 47 conducted a review to evaluate the efficacy of deep breathing and incentive spirometry after upper abdominal surgery and found that they are indicated to prevent postoperative pulmonary complications such as atelectasis. Thus, it seems that there is no consensus in the literature regarding the use of breathing exercises and incentive spirometry in abdominal surgery in either the pre-or postoperative periods.
After abdominoplasty, there is a decrease in ventilatory function and an increase in IAP. The passive stretching of the diaphragm in the cranial direction allows the transmission of the increased IAP to the pleural cavity, reducing the static and dynamic pulmonary compliance. 48, 49 Thus, an increase in IAP levels results in an increase in inspiratory pressure or decrease in tidal volume. 49 In the present study, IAP was significantly lower in the intervention group than in the control group at all time points, from the beginning of surgery to the placement of the compression garment. This may be explained by the fact that breathing exercises increase respiratory compliance, reducing IAP, or by the individual aponeurotic characteristics of patients. 50 This finding suggests that it may be possible to reduce the risk of postoperative pulmonary complications in abdominoplasty patients by decreasing the stretching of the diaphragm caused by increased IAP through a preoperative breathing exercise program.
Some studies have described a correlation between IAP and pulmonary function parameters. 49, 51, 52 Thus, a complete pulmonary function evaluation, including measurements of lung volumes, should be performed to increase the knowledge about the mechanical behavior of the respiratory system after abdominoplasty. A high IAP leads to an increase venous stasis in the lower limbs, which increases risk of thromboembolic events. 52 A low IAP at the beginning of surgery may reduce this risk, as there is a tendency for the IAP to remain low along the procedures, as noted by the results of this study. Berjeaut et al 22 showed that an increase in IAP caused by the use of compressive garments may reduce the blood flow by 30% in the common femoral vein. Thus, high IAP may increase the risk of deep vein thrombosis, as stasis is a risk factor for this complication. A larger study to look at the actual reduction in DVT would be very interesting, but it would need a very large number of patients indeed. A further study should be designed to investigate this subject.
This study is the first attempt to reduce respiratory complications, which occur in about 6% of patients undergoing abdominoplasty, 15 using of preoperative breathing exercises. It is necessary to test other respiratory interventions and to investigate the influence of respiratory mechanics on IAP.
One of the limitations of this study is that one cannot state that the reduced intraoperative IAP levels found in the intervention group should be fully attributed to the breathing exercise program, because IAP was not measured before the beginning of the exercise therapy. Such measurement is not feasible to perform on an outpatient basis, because it would be necessary to insert a vesical catheter with the patient under sedation at least once before surgery. It is important to note that a sedate patient has higher muscle tone than an anesthetized patient, which would affect preoperative IAP measurements. Thus, it would be difficult to compare preintervention IAP levels with intraoperative IAP measurements.
Other measures should be used to assess IAP levels in future studies, such as a manometry. Some indirectly assessment can also be performed to evaluate IAP levels, such as respirometry, and oxygen saturation among others. Those measurements can be performed on an outpatient basis.
In a future study, the preoperative exercises should be done with a binder on. During the design of the present study, we did not consider that IAP would increase just after the placement of a compression garment.
IAP is a factor that should always be considered, especially in patients with a large diastasis requiring major intervention through musculoaponeurotic repair, because restriction of diaphragmatic movement with respiratory failure may occur in these cases.
The assessment of patients with a normal pulmonary condition was a key point in this study. If an improvement could be detected in such patients, it would suggest testing these exercises in patients with respiratory problems and smokers. Further research in populations requiring more extensive plication or other procedures in the musculoaponeurotic plane should also be carried out. Patients with other respiratory conditions, such as smokers or those with chronic obstructive pulmonary diseases, who wish to undergo abdominoplasty should also be studied. This model should be tested using different breathing exercises, different number of repetitions, postoperative interventions, other types of therapy for the strengthening of respiratory muscles, and positive pressure in an attempt to improve patient ventilation following abdominoplasty, with a consequent reduction in respiratory complications.
CONCLUSION
The 1 week respiratory physiotherapy program used in this study performed before abdominoplasty had no impact on spirometric parameters, but may have reduced IAP levels measured intraoperatively.
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